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The  m*nufacturer  of  m*chin«ry  or  other  equipment  »rill  ueuelly 
undertake  to  supply  spare  parta  for  such  equipment  to  hia  cuatosMra. 
lYte  demand  for  <i  apare  part  ia  a  random  event  in  time,  Mhich  may  be 
deacribed  by  a  demand  probability  function.  If  holding  coats  for 
spare  parta  are  large,  it  may  be  deairable  to  avoid  mr.intainin^  an 
inventory  of  such  parts.  One  alternative  is  to  supply  spare  parta, 
on  demand,  fron  the  manufacturer's  current  production  of  parts  for 
the  assembly  of  new  equipment,  colloquially  referred  to  as  ''robbing 
the  production  line." 

A  model  of  the  real  and  monetary  costs  involved  in  supplying 
spare  parts  from  current  production  is  presented.  The  model  leads 
to  a  cost  function  for  each  part  individually  depending  on  its 
production  characteristics  and  its  demand  probability  function,  and 
on  certain  policy  variables.  By  choosing  appropriate  values  for  the 
policy  variables,  the  cost  function  for  each  part  can  be  minimized 
independently  of  the  others. 
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COMTINUOUS  PRODUCTION  AND  EMERGENT  DEMAND 


Th«  previsionliv;  of  iporo  parts  by  ths  Air  Pores  for  s  nsw  aircraft 
has  laanj  of  ths  slsissnts  of  a  gsabls  about  it.  Ths  rseord  of  Air  Fores 
preeuroasnt  indicatss  that  it  is  on#  of  ths  aost  sxpsnsivo  gams  of  ehancs 
svsr  dsvissd.  Outsids  obssnrsrs  ars  apt  to  blaas  bursaueratie  insffieisney 
for  ths  grandioss  surplusos  and  dangorous  sbortagss  which  usually  arias,  but 
it  sosma  probabls  that  this  is  not  rsally  a  major  factor  in  ths  situation. 

It  is  simply  that  ths  Air  Fores  is  constantly  having  to  loam  about  stochastic 
proesssss  ths  hard  way. 

Ons  of  ths  principal  souress  of  difficulty  has  always  bssn  ths  nscsssity 
of  placing  a  firm  ordsr  for  spars  parts,  in  particular  ths  most  sxpsnsivs  onss, 
ovsr  a  ysar  bsfors  ths  first  aircraft  is  dslivsrsd.  This  rsquirsasnt  arisss 
from  ths  wsll-known  phsnonsnon  of  load  tim,  compossd  of  administrstivs  Isad 
tims  and  production  Isad  tim.  It  has  long  bssn  rsalissd  that  ths  spars  parts 
ussd  to  rspair  an  aircraft,  or  any  othsr  squipmsnt,  ars  in  gsnsral  idsntical 
with  ths  parts  ussd  in  producing  such  squipnsnt  on  ths  ssssmbly  lins.  Whsrs 
thsrs  is  dirsrfoncs,  it  usually  appears  at  a  rslativsly  lats  stage  in  ths 
manufacturing  prooass.  Hsnes  ths  possibility  arisss  of  by-passing  ths  Isad- 
tims  roquirsmsnt  by  divsrting  parts  from  ths  production  lins  to  msst  ths  nssds 
of  maintsnancs  in  ths  fisld.  Such  proesdums  have  been  utilised  by  aircraft 
manufacturers  to  provide  parts  not  only  for  military  but  also,  and  perhaps 
even  mors  often,  for  comsrcial  customers,  in  an  emergency,  but  these  procedures 
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h«v«  traditionally  b«an  ragardad  at  a  rathar  anaaky  and  undaairabla  way  of 
gatting  apara  parts.  Thara  ara,  in  fact,  a  numbar  of  vary  good  raaaona  for 
this  attituda.  but  I  shall  not  go  into  thaw  right  now.  Tha  characteristic 
phrasa  usad  to  dascriba  tha  proeadxure  calls  it  '^robbing  tha  production  lina.** 

As  a  part  of  our  rasaarch  at  tha  Rand  Corporation  on  Air  Force  logistics, 

It  occurred  to  us  to  inquire  whether  it  might  not  be  practicable  to  gfataniatita 
some  ouch  procedure  for  supplying  spare  parts  directly  from  tha  factory,  in 
view  of  the  apparently  critical  influence  of  tha  long  lead  tijaas  on  tha  cost 
of  provisioning  a  new  weapons  system. 

One  of  tha  first  questions  that  arose  in  investigating  this  problem  was: 
"How  Buch  would  it  coot?"  Tha  answer  turned  out,  not  too  surprisingly,  to 
be:  "That  depends."  Wa  naturally  asked,  "What  does  it  depend  on,  and  in  what 
way?"  Such  a  q|uastion  leads  one  right  into  a  coot  function.  To  construct 
a  cost  function,  we  needed  a  model  of  tha  way  in  which  costs  could  be  expected 
to  arise,  under  such  a  system  for  providing  spare  parts  out  of  currant  production. 

At  this  point  we  narrowed  the  problem  down  considerably,  in  order  to 
make  it  more  tractable,  by  taking  note  of  aoma  of  the  fundamental  facts  of  the 
production  process.  Thera  is  a  basic  dlchotoisy,  with  which  many  of  you  may 
be  familiar,  between  parts  manufactured  in  lots  or  batches  and  parts  manu¬ 
factured  individually.  Tha  latter  we  found  to  be  typically  tha  major  assemblies 
and  sub-assemblies,  and  hence  tha  most  expensive  items  from  tha  standpoint  of 
spare-parts  procurement. 

Parts  which  are  manufactured  in  lots  are  usually  scheduled  in  such  a 
way  that  the  lots  overlap  in  time,  or  the/  can  readily  be  so  scheduled.  This 
provides  a  carry-over  in  the  atocks,  so  that  there  is  a  constant  minimum  in¬ 
ventory  on  hand.  Here  we  face  problems  of  inventory  control  and  optimum  lot 
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•1st,  which  tr#  etrttlnly  not  unftmllltr  tnd  to  which  I  htr«  nothing  to  con- 
trlbut*  tt  th«  MMnt. 

Th«  crux  of  the  problem  In  which  we  were  tntereeted  turned  out  to  lie 

* 

in  the  tret  of  continuous  pr-nluction,  that  it,  of  those  parts  which  are  pro¬ 
duced  one  at  a  time,  and  thus  one  after  the  other.  The  most  expensive  and 
nest  complicated  parts,  taking  the  longest  tine  to  manufacture,  were  found 
to  belong  to  this  categorj.  Here  the  costs  might  be  the  highest,  but  the 
potential  savings  would  also  be  highest. 

Because  these  parts  consist  of  complex  assemblies  of  simpler  components, 
they  almost  always  can  be,  and  of  course  are,  repaired  and  returned  to  the 
•pare^parts  inventory  if  they  fail  or  are  damaged  In  any  way.  If  the  "repar¬ 
able  carcass,"  as  it  is  called,  that  is,  the  part  which  has  failed  or  been 
damaged,  is  replaced  ixoMdiately  by  a  part  taken  from  current  production  at 
the  manufacturer’s  plant,  then  the  former  part,  after  it  has  been  repaired, 
constitutes,  ^  facto,  a  one-item  inventory  of  spare  parts.  The  next  demand 
which  might  arise  for  the  sane  part  could  be  met  from  the  "inventory"  thus 
provided,  thereby  relieving  the  manufacturer  of  the  responsibility  for  meeting 
this  second  demand  from  current  production. 

The  repaired  part  could  have.  Incidentally,  a  further  potential  value 
as  a  backstop  to  the  production  line  Itself,  in  the  occasional  instance  where 
a  part  is  damaged  in  the  factory  and  a  replacement  is  not.  innediately  avail¬ 
able.  This  consideration  was  not,  however,  integral  to  our  analysis. 

A  further  simplification  of  the  analysis  resulted  from  the  consideration 
that  the  system  of  supplying  spare  parts  directly  from  the  factory  as  an  alter¬ 
native  to  stocking  them  in  the  Air  Force  Inventory  would  not,  for  a  given 
model,  be  continued  Indefinitely  with  respect  to  the  bulk  of  the  parts.  The 
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only  txceptions  would  pretunably  b«  thooe  parts  classiflsd  as  ”not  logical 
sparss,"  for  ona  reason  or  another,  which  are  therefore  not  ordinarily  pro¬ 
cured  by  the  Air  Force  in  any  case.  Every  other  part  would  presuraably  be 
bought  by  the  Air  Force  for  spare-parts  Inventory  st  some  tine,  either  sooner 
or  later.  The  question  to  be  answered  thus  became,  instead  of  whether  to 
supply  spare  parts  directly  to  the  field  out  of  current  production  at  the 
factory,  hew  long  to  do  so.  The  procedure  might,  in  the  extreme  case,  be 
utilised  over  a  time  interval  of  aero  length,  meaning  that  some  quantity  of 
a  particular  spare  part  would  be  procured  for  inventory  from  the  very  begin¬ 
ning,  as  under  current  procedures.  This  case  would  apply  in  particular  to 
parts  for  which  a  relatively  high  avera'^e  demand  rate  could  confidently  be 
predicted. 

Taking  the  time  horiaon  as  finite  and  variable  in  this  way,  and  allowing 
it  to  terminate  either  on  the  occurrence  of  the  first  demand  for  each  part 
or,  no  demand  having  occurred,  at  the  discretion  of  the  decision-maker  made 
possible  the  construction  of  a  relatively  simple  cost  function. 

In  examining  the  process  of  continuous  production,  we  concluded  that  a 
crucial  element  is  the  way  in  which  eac^  part  is  scheduled  into  the  assembly 
process  with  respect  to  the  particular  aircraft  of  which  It  is  to  constitute 
a  component.  Obviously,  the  manufacture  of  the  part  itself  must  be  completed 
before  it  can  be  assembled  into  the  erd  iteir..  The  time  which  elapses  between 
the  completion  of  the  part  and  its  aasembly  into  the  end  item  is  referred  to 
by  production  personnel  as  t‘ e  ''cushion.'*  The  time  which  elapses  between  the 
assembly  of  a  particular  part  into  one  end  iterr  and  the  assembly  of  the  cor¬ 
responding  part  into  the  next  end  item  tn  the  series  may  conveniently  be 
referred  to  as  the  "production  interval."  There  remains  that  part  of  the  pro¬ 
duction  interval  which  is  not  Included  in  the  cushion,  and  I  have  chosen  to 
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eall  this  tb«  "forward  gap*" 

In  tha  ajaton  which  I  am  attonpting  to  daaerlba,  tha  aaaaoblj  of  a 
part  Into  an  and  Itan  at  tha  factory  la  a  schadulad  arant,  wharaaa  tha  occur- 
ranca  of  a  daiaand  from  tha  flald  for  a  apara  part  la  an  unachadulad  avant. 

It  ia  in  fact  a  random  arant  in  tiina  which  wa  ma|^  rafar  to  aa  t®,  with  a 
probability  dlatributlon  P(t)  t  Prob(t°<  t)  m  j^f(t)dt.  Sinca  F(0)  a  o.  wa 
may  diaragard  nagatiwa  valuaa  of  t  in  tha  following  diacuaaion*  Racauaa  a 
damand  from  tha  flald  for  a  apara  part  haa  tha  natura  of  an  amargancy,  In  thia 
fraaawork,  I  haira  rafarrad  to  "amergant  damand"  In  ay  titla  (not  without  aoma 
faallng  of  word-play  on  tha  altamatlva  daflnition  of  "awargant"*) 

It  can  thua  ba  aaan  that  tha  coat  function  will  hava  a  atrongly  atochaatlc 
alament,  dapandlng  aa  it  muat  on  tha  particular  monant  in  tlna  at  which  a 
damand  from  tha  flald  arlaaa*  I  hara  mantlonad  brlafly  tha  baalc  alananta  of 
tha  nodal*  Tha  coata  which  can  ba  incurrad  may  ba  dlvldad  into  two  catagoriaa, 
which  will  ba  familiar  to  thoaa  acquaint  ad  with  imrantory  thaory*  On  the  ona 
hand  ara  tha  eoata  incurrad  aa  a  raault  of  haring  an  itan  whan  It  ia  not 
naadad,  uaually  callad  "holding  costa*"  On  tha  other  hand  ara  tha  costa 
incurrad  as  a  raault  of  naadlng  an  itan  and  not  having  it*  Tama  auch  as 
"stock-cut  coat"  or  "daplatlon  penalty,"  which  ara  used  in  inventory  thaory, 
ara  not  too  daacriptlva  in  the  praoant  framework.  It  will  ba  more  suggastiva 
to  rafar  to  thaaa  aa  "delay  costs,"  tha  costs  resulting  from  delay  in  masting 
a  raquiramant  for  a  part* 

An  obvious  but  special  feature  of  tha  system  I  air.  attempting  to  describe 
is  that  delay  costs  can  ba  subdiridad  into  two  catagorlaa.  If  a  demand  arises 
in  tha  flald  during  what  I  hava  labelled  tha  forward  gap,  whan  a  conplatad 
part  is  mi  ilMadlataly  arallahla,  delay  costa  of  ona  type  result.  After  a 
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part  it  tent  from  tht  factory  to  tht  fltld,  that  part  It  no  longtr  avallablt 
for  atttmbly  into  tht  next  end  ittn  on  the  production  line,  and  delay  cotta 
of  a  tecond  and  charaeteriatically  different  type  are  incurred  at  the  factory* 
In  the  coat  function  corretponding  to  thit  model,  the  length  of  each  pro¬ 
duction  interval  it  aatvned  given,  although  one  production  interval  need  not 
be  the  tame  at  any  other  in  length.  The  fundamental  policy  variable  it  the 
length  of  the  cuahion  in  any  production  interval*  The  entire  aet  of  cuah^pn 
intervala  may  be  thought  of  aa  a  (policy)  variable  in  vector  form.  Denote  the 
length  of  the  cuahion  interval  within  the  i-th  production  interval  aa  b^,  the 
length  of  the  forward  gap  preceding  that  cuahion,  and  thua  within  the  aane 
production  interval,  aa  ai*  We  have  a^-f  bj^  ■  cj,  where  c^  ia  the  length  of 
the  i-th  production  interval,  and  a  vector  B  ■  (b^^,  b2,  b^, *•*•**•*)* 

For  an  individual  part,  that  ia,  a  component  of  the  end  item  being  pro¬ 
duced,  aome  apeciflc  holding  coat  will  be  incurred  during  the  i-th  cuahion, 
provided  no  maintenance  demand  from  the  field  ariaea*  Call  the  coat  h^*  If 

no  maintenance  demand  ariaea  before  the  end  of  the  k-th  cuahion,  the  total  of 

_ 

holding  coata  for  the  part  in  queation  will  be  H(k)  ■  |  hj*  The  increment 
in  thia  coat  element  during  an  interval  from  t  to  t4  dt  will  be  H(t)dt,  a 
diacontinuoua  function  which  haa  a  poaitive  (or  at  leaet  non-negative)  value 


on  the  ouahiona  and  ia  aero  everywhere  elae.  The  expected  value  of  thia  com¬ 
ponent  of  the  coat  of  the  ayetem  ia?  E(H)  "^^t)  /”l  -  F(tj7 

The  coat  reaxilting  from  delay  in  meeting  a  maintenance  requirement  for 


a  part  can  be  repreaented  very  ainply  aa  a  function  of  the  time  at  which  the 
maintenance  demand  occura*  Thia  ia  true  a  fortiori  ainee  we  are  only  intereated 
in  the  firat  maintenance  demand  for  each  part*  It  would  atiU  be  a  reaaonable 
atatement,  however,  if  we  were  intereated  in  aucceedlng  demanda  aa  «mll*  Let 
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thls  function  bo  roprosontod  oo  0(t^)»  whoro  !•  tho  tlao  at,  uhloh  a 
■aintonaneo  danand  oeeura.  Tho  function  takoa  on  tho  value  toro  if  t^  lia* 
within  a  euahion,  and  raproaanta  the  coat  of  dalay  in  Mating  a  maintonaneo 
ro<|uiraaont  for  a  pariod  from  t^  to  tho  and  of  tha  forward  gap,  if  t^  lioa 
within  a  forward  gap* 

Iho  coot  of  kooping  an  and  itam  waiting  on  tha  production  lina  for  a 

coaiponont  during  tha  i-th  forward  gap  can  bo  roprooontod  aa  g^*  If  a  aaintananca 

daaand  oceturo  boforo  tha  boginning  of  tho  k-th  forward  gap,  tho  coata  of  thia 

tjpa  will  bo,  in  tha  alaploat  eaaa,  tho  itn  of  tha  g^  over  all  forward  gapa 

froB  k  on:  G(k)  2  Oi*  Thia  aaauMO  that  tho  length  of  each  forward  gap 

i5c 

ia  fiitod  once  and  for  all  bj  tho  original  choice  of  a  vector  B  of  euahion 
intarvala*  Aa  wo  ahall  aoo,  thoae  coata  can  in  praetica  bo  roduood  by  tho  uaa 
of  oipoditing  proooduroa*  Tho  ineraaont  in  G(k)  during  an  interval  fron  t  to 
t4-dt  can  bo  roprooontod  by  tho  function  g(t)dt,  which  la  taro  over  each 


euahion  interval  and  haa  aoaa  non-nogativa  value  over  each  forward  gap.  Hence 

C(tO)  s 

In  thia  fora  it  ia  poaaibla  to  eoabina  tho  coata  of  tho  aacond  and  third 


typoo,  oinea  both  depend  on  tho  oceurronca  of  a  aaintonaneo  demand  in  eontraat 
to  tho  holding  coata,  which  depend  on  ita  non-oceurronea,  both  roault  froa 
nonwivailability  of  tha  part  daaandod,  and  hence  both  are  toro  over  each  euahion 
intarvala*  Call  tha  ooabinad  function  V(t^)  >  /  w(t)dt,  whore  w(t)  ia  taro 
over  oaeh  euahion  interval,  haa  tho  value  d0/dt  froa  t^  to  tho  beginning  of 
tho  next  euahion  interval,  if  tO  lies  within  a  forward  gap,  and  the  value 
g(t)  over  each  forward  gap  which  dooa  not  include  t^*  Tho  expected  value  of 
W(t)  ia  E(W)  a ^  W(t)f(t)dt*  To  prevent  poaaible  oonfuaion.  It  ahould  be 
noted  that  thia  iapliea  a  double  integration,  and  honoe  peraita  two  alternative 
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verb4liMtlont  of  this  olinent  of  the  eott  function,  depending  on  which 
integration  one  conceiTea  of  ae  taking  place  firat* 

The  average  cost  of  the  STSten  as  a  whole,  eeeting  aaintenance  require¬ 
ments  from  production,  will  be  the  stai  of  the  two  average  cost  functions,  i«e», 
E(H)vE(W).  If  the  production  intervals,  c^,  are  taken  as  given,  the  total 
will  depend  only  on  the  choice  of  the  b^,  and  on  the  probability  function, 
and  may  therefore  be  regarded  as  a  function  of  the  vector  P* 

Note  that  if  all  b^aresero,  the  costs  of  the  first  type  are  necessarily 
sero.  If  the  a^  are  all  sero,  i«e«  b^  >  for  all  i,  the  coots  of  the  second 
and  third  types  are  sero.  The  possibility  of  making  these  two  statements  is 
the  principal  reason  for  presenting  this  somewhat  oversimplified  fomulation 
of  the  model,  in  which  no  expediting  is  assused  to  take  place. 

Inclusion  of  expediting  as  an  element  of  the  model  has  little  effect  on 
the  conceptual  fri— work,  but  adds  an  important  policy  variable.  Ihe  purpose 
(and  the  effect)  of  expediting  is  in  essence  to  reduce  the  length  of  the  for¬ 
ward  gaps  after  a  maintenance  demand  frore  the  field  has  arisen.  For  a^  we 
substitute  a'i  *  costs  of  the  third  type  mentioned  above  are 

then  to  be  taken  over  the  shorter  intervals  a*^,  while  a  further  coat  is  intro¬ 
duced,  that  ef  the  expediting  policy  adopted.  The  vector  R,  whose  elements  are 
the  r^,  is  a  policy  variable,  which  is  also  a  function  of  the  time  at  which 
a  maintenance  demand  from  the  field  arises.  This  is  an  obvious  consequence  of 
the  fact  that  expediting  action  is  only  initiated  after  a  maintenance  demand 
arises.  Equally  important,  however,  is  the  consideration  that  the  cost  of  an 
expediting  policy  will  usually  depend  in  practice  on  the  time  at  which  expediting 
starts.  Indeed,  the  expediting  policy  and  the  resulting  costs  of  expediting 
will  almost  always  be  found  to  be  a  continuous  function  of  time,  or  at  the  very 
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l«Mt  pl*e«vlM  continuous,  with  a  rolativolj  nail  nuabor  of  discontinuities* 
Expediting  not  onlj  reduces  the  costs  resulting  front  delays  in  the  pro¬ 
duction  process  over  each  fomrd  gap,  but  makes  it  possible  to  eliminate  the 
forward  gap  oosipletely  at  some  point,  i«e*  to  reduce  the  a*j^  to  sero  for  i 
fiatv  than  aoBB  talue  i«.  Without  expediting,  the  fonvard  gape  once  established 
by  choice  of  the  vector  0  would,  in  principle,  be  irrevocably  established  out 
to  infinity*  By  means  of  expediting,  the  forward  gap  can  be  closed  and  some 
desired  cushion  reestablished*  Expediting  costs  will  continue  to  be  incurred, 
therefore,  until  this  state  is  attained*  The  expected  valxie  of  the  expediting 
costs  incurred,  when  an  expediting  policy  is  chosen  in  advance  is  simply: 

E(R)  ^(t)f(t)dt,  where  R(t)  is  the  total  expediting  cost  incurred  if  a 
maintenance  demand  occurs  at  time  t* 

It  would  be  not  at  all  difficult  to  repeat  the  cost  computation  for  the 
possibility  of  maintenance  demands  after  the  first*  As  I  have  pointed  out, 
we  did  not  feel  it  necessary  to  do  this*  Clearly  a  somewhat  different  function 
woxild  have  to  be  incorporated  to  take  account  of  the  possible  occurrence  of  a 
second  demand  while  expediting  is  being  carried  on  and  before  the  forward  gap 
has  been  entirely  closed  or  before  the  first  reparable  carcass  has  been  re¬ 
stored  to  serviceable  condition*  These  should  be  in  the  nature  of  second- 
order  effects,  and,  in  view  of  the  low  probability  densities  with  which  we 
were  concerned,  did  not  appear  likely  to  affect  the  conclusions  significantly* 
If  a  second  demand  occurred  after  repair  of  the  first  reparable  carcass, 
and  this  were  followed  by  a  third  within  a  short  interval,  the  former  would  be 
covered  by  the  original  repaired  item,  but  the  latter  demand  would  have  to  be 
met  from  the  factory*  The  probability  for  this  event  should  be  extremely  low 
in  any  situation  where  the  policy  of  covering  aaintenance  demands  from  current 
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produetlon  would  b«  worth  considorln#?.  V«ntlon  ihould,  howoror,  b«  made  of 
th«  to-callod  "backitop"  policy,  a  apecial  caa^  of  tha  ganaral  policy  I  hava 
baar  diacuaaing,  in  which  a  vary  ttnall  invantory  of  apara  parta  ia  maintalnad 
with  tha  undaratanding  that  any  additional  raqulrananta  will  ba  auppliad  fron 
tha  production  lina  whan  tha  naad  ariaaa.  Since  thara  ia  praaxmablv  aoroa 
probability  that  thla  naad  will  navar  ariaa,  tha  probability  function  ia  aoaia- 

what  dlffarant  than  whan  tha  invantory  la  taro  and  tha  avantual  occurranca  of 
a  demand  can  ba  ragardad  aa  thaoratically  certain* 

In  concluaion,  what  advantagaa  doaa  thia  coat  function  provlda  in  analysing 
tha  problaa  here  conaidarad?  In  tha  flrat  place,  it  brings  out  quite  clearly 
tha  stochastic  nature  of  tha  costa  incurred  by  a  policy  of  pi'oriding  spare 
parts  from  cxurrant  production.  If  tha  shape  of  tha  probability  function  ia 
uignificar.tly  different  for  different  parta,  aa  was  in  fact  tha  oasa  in  our 
problaa,  tha  influence  of  thia  fact  on  tha  coats  of  tha  policy,  which  may  be 
quite  conaidarabla,  can  readily  ba  datarainad.  A  clear  presentation  of  tha 
stochastic  nature  of  tha  problaa  can  ba  of  particular  importance  to  tha  operations 
research  worker,  who  is  called  on  to  present  his  analysis  to  apaeialists  froa 
such  fields  aa  production,  accounting,  and  naintananca ,  in  whose  thinking  proba¬ 
bility  conaidarations  are  not  likely  to  ba  uppermost* 

In  the  second  place,  tha  cost-function  analysis  sagragataa  tha  several 
cost  alamanta  and  facilitates  consideration  of  practical  techniques  for  keeping 
each  of  theta  at  a  low  level,  for  example,  with  regard  to  tha  availability  of 
fabricating  capacity  on  short  notice,  or  by  stocking  a  buffer  Invantory  of 
sane  raw  raatarials*  In  tha  third  place,  this  analysis  focusses  attention  on 
tha  two  policy  variables  of  cushion  intervals  and  expediting  policies*  In 
both  cases,  tha  individual  alaments  of  tha  vector  are  quite  likely  in  practise 
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to  b«  fvinctlonally  InUrrtlmt^d .  In  th«  aircraft  induatry,  th«  Uamlng- 
curva  afftet  tanda  to  raduea  tha  langth  of  aaeh  fuoeaaair^  produetion  Intarval, 
with  obrlewa  conaaquaneaa  for  tha  ralatlonahipa  of  forward  gap  and  euahlon. 

Tha  langth  of  tha  euahlon,  In  ona  produetion  Intarval  la  uaually  ralatad  in  aona 
•lapla  way  to  tha  langth  of  tha  euahlon  in  praoading  produetion  intarvala* 

Tha  uaa  of  analytic  functlona  in  tha  coat  function  aay  wall  ba  Juatifiad  under 
thaaa  eondltiena,  with  raaultlng  alapli  flcatlon  of  tha  cowputationa.  A  alnilar 
aonelualon  la  uaually  warranted  for  tha  axpadlting  vaetori  the  coat  of  reducing 
a  apaelflad  forward  gap  by  any  given  amount  ia  lilcaly  to  depend  on  tha  anount 
by  which  pracadlnr  g^P*  ware  reduced.  Moreover,  tha  choice  of  euahlon  and 
azpaditlpf  pollciaa  for  ona  part  (or  ona  general  category  of  parta)  can 
conveniently  ba  made  independently  of  the  deeialon  with  raapaet  to  other  parta, 
or  categorlea  of  parta.  If  the  coat  funotiona  can  be  ahown  to  be  aigniflcantly 
different  with  raapect  to  the  polielaa  adopted.  In  thla  way  tha  average  coot 
of  the  apara-parta  policy  can  ba  minlalaad  aeparataly  for  each  tjpa  of  part 
involved.  Note  that  the  uae  of  the  average  coat  ao  tha  baaia  for  tha  deolaion 
la  here  warranted  on  tha  aaovnptlon  that  the  nuiber  of  parta  involved  ia 
relatively  large  and  that  coata  can  ba  expreaaed  in  a  oingla  honogenaoua  metric. 

If,  finally,  tha  coat  of  the  policy  of  providing  apara  parta  from  cxirrent 
Reduction  la  mlnialtad  for  each  part  aeparataly,  thla  coat  aan  be  compared  at 
each  point  In  time  with  the  coata  of  buying  and  otocklng  an  in'/entory  of  the 
part  in  the  field  and  tha  altamativaa  evaluated.  Aa  pointed  out  earlier,  the 
aaOTaptlon  waa  made  that  at  aona  time  it  would  be  found  preferable  to  make  the 
tranaition  to  procurement  for  inventory  of  each  part  involved. 


